For more than 150 years, all biological theories, including those of C. Darwin and Mendel, were based on the idea of synchronous evolution. They fit for unitary monomodal systems (asexual, symmetrical) but do not work for binary (dioecious, asymmetrical) ones. Examples of such binary conjugated differentiations are two sexes, DNA-proteins, autosomes-sex chromosomes, right and left brain hemispheres, and hands. For their understanding, "asynchronous" theories are needed. Such theories were proposed by Russian theoretical biologist Vigen A. Geodakyan for sexual, brain and body, and chromosomal differentiations. All theories are interconnected and are based on the principle of conjugated subsystems. This article covers the basic tenets of the evolutionary theory of asymmetry and answers the following questions: What benefits does lateralization provide? What logic, what principle is it based on? Why do brain hemispheres control the opposite sides of the body? Why laterality is closely related to sex? What are the biological prerequisites of terrorism?
Introduction
The Evolutionary Theory of Asymmetrization of organisms, brain and paired organs (ETA) was proposed by Vigen Geodakyan in 1993. The first short article concerning brain asymmetry and psychological differences between the sexes was published in 1980, and later expanded (Geodakyan 1980 (Geodakyan , 1986 (Geodakyan , 1992 . The theory explains from a unified position many phenomena associated with the asymmetry of the brain, hands and other paired organs in animals and humans. Like the Evolutionary Theory of Sex (ETS) (Geodakyan 1965 (Geodakyan , 1991 , the theory of asymmetry is also based on the principle of conjugated subsystems that evolve asynchronously in time and space, meaning that any new function or trait that appears in the organism or population is at first assimilated only in its "operative" subsystem, before the feature becomes maintained and is propagated as a permanent adaptive solution to some biological task in the conservative subsystems of the body and population. The latter subsystems change on a slower timescale, and only after the provisional or "anticipatory" (pre-)adaptations of the operative systems have proven effective.
The division and specialization of subsystems for the complementary, but structurally and functionally distinct tasks of information storage and transformation provides optimal conditions for the realization of the basic method of living systems' evolution, i.e. the method of natural selection based on random variations, and in a certain sense, the method of trial and error understood as a dichronous process in the same system. This principle gives systems the possibility of trying out different solutions to evolutionary problems with minimal risk of consolidating unsuccessful solutions.
Whenever science is able to explain seemingly quite different phenomena from a unified position, substantial progress is achieved. The analogy between sex and asymmetry shown in this model has allowed us to take a new look at many important mysteries of lateralization: the mechanisms and evolutionary significance of brain and body asymmetry, the nature of cerebral dominance, the role of the corpus callosum, and the contra-and ipsilateral connections in the nervous system. Furthermore, it allows us to address the question: what do such diverse phenomena as sex and asymmetry have in common? The division of the population into females and males, of the genomeinto autosomes and sex chromosomes, the societyinto right and left-handers, and the body, paired organs (brain, hands)into right and left halves?
As will be shown, in evolutionary terms, these can be seen as functionally isomorphic differentiations: they have common goals (purpose), patterns and mechanisms according to ETA. They all consist of conservative and operative subsystems appearing as a result of dichronous evolution from unitary monomodal forms (monoecious, symmetric) . Binary-conjugated differentiation (BCD) of a system allows it to adjust its plasticity for effective evolution in a changing environment on different timescales. Therefore, by revealing the evolutionary logic of one of these systems, by analogy the others can also be explained.
Although the original theory of V. Geodakyan was framed in universal terms which allowed this principle to be applied to any systems that "track" or reflect changes in the environment in an asynchronous manner (including physical systems, where this reflection is deterministic), the presented theory can have far-reaching implications for understanding anticipation as a process of diachronic self-modelling in the living. Though not directly addressed in the original theory, it seems to raise the question whether the evolution of organisms can be seen as indirectly "modeling its own possible future courses"which conjures the notion of anticipation (Nadin 1991 ; see also Nadin 2010)through the principle of dichronous conjugated subsystems in individual organisms (asymmetrization) and whole populations (sexual differentiation). Here, it is important to consider whether it is only outside observers who can make predictions about the direction in which one or another trait/function is developing and evolvingor whether organisms themselves can have an active modelling relation in this process through the principle of conjugated subsystems (however this may operate in particular systems and instances). Creation of a more variable operative subsystem allows an increase in the amount of information and potential interactions that the system is capable of producing, but it also may be proposed that an anticipatory modelling of possible future scenarios may occur based on the temporal divergence of processes within the same system and a mapping or modelling relation between them. Although these questions are central to developing an anticipatory perspective on the theory of asymmetry in the future, the current paper will be limited to summarizing the original theory of asymmetrization as presented by V. Geodakyan.
However, future applications and analysis of his theory can potentially enrich the field of anticipation in a variety of ways. The ideas presented can help to understand the behaviour of organisms in novel circumstances, the processes of habituation and the formation of organic memory. By approaching the different temporal dynamics of organisms' evolution, development and behaviour from a systemic perspective, the theory creates prospects of further integration between theoretical biology and diverse areas of applied research not only in biology, but also medicine, psychology and social sciences, as will be briefly shown in this paper.
Classification of symmetry types and their evolution
Organisms of spherical (SS), radial (RS) and bilateral (BS) symmetry types are widespread in the animal world and are well known. Level of symmetry in this series gradually falls, and the complexity of organization grows. Beklemishev (1944) arranged them in an evolutionary array. Considering the fully asymmetric amoeba as being more primitive than single-celled organisms of spherical symmetry, he put it at the beginning of the series. Therefore, Beklemishev's system had four types of symmetry: full asymmetry (amoeba), spherical, radial and bilateral. He also believed that bilateral symmetry is the "crown" of evolution ( Figure 1 ).
If we mark symmetry on each axis of the three-dimensional space as Sy, and asymmetry, as As, then theoretically, there are four possible types of symmetry: SySySy, AsSySy, AsAsSy and AsAsAs. The first three, at the time of appearance in nature and increasing progressivity of shapes, are stacked in a logical evolutionary series: SS → RS → BS. The extrapolation of the evolutionary logic of the existing series: SySySy → AsSySy → AsAsSy, growing evidence of lateral asymmetry in the higher forms (functional brain asymmetry and right-handedness of humans, one-sided ovulation and unihemispheric sleep of dolphins), close ties of asymmetry with sex and the direction of sexual dimorphism allowed V. Geodakyan to hypothesize further asymmetrization of modern progressive forms, which should undergo transition from bilateral symmetry to the latter type of triaxial asymmetry (TA) (AsAs-Sy → AsAsAs) ( Figure 1 ). Unlike the three older and simpler types that are common in the world, a new type of triaxial asymmetry is evolutionarily the youngest, yet still rare and inconspicuous. This type has the same fundamental evolutionary rank, and is higher on both asymmetry and progressiveness. It is the future of the bilaterally symmetrical organisms.
Within adaptogenesis of Darwin, the features of symmetry, like all others, are determined by environmental conditions. Therefore, the development of asymmetry during the process of evolution was determined by the anisotropy of the environment. Asymmetrization by the first axis (bottom-up) occurred as a result of the interaction of organisms with the gravitational field. Some, becoming heavier than water, sank to the bottom (e.g. starfish). Others, on the contrary, became lighter and floated to the surface (jellyfish). At the same time, they both turned their "faces" and the main receptors to the vital information flows from the environment.
SySySy
AsSySy AsAsSy AsAsAs AsAsAs SySySy AsSySy AsAsSy Geodakyan, 1993 Triaxial asymmetry "Crown" of evolution Well known and visible Asymmetrization on the second axis (front-back) occurred as a result of interaction with spatial (motivational) field when fast, purposeful movement was needed to escape from a predator or to catch their prey. As a result, the main receptors and brain moved to the front of the body. Hence, the adaptability of the asymmetrization on these two axes is clear. Yet, the benefits of lateral asymmetrization and anisotropy of which environmental factor is dictating its development are not so clear. Because ETA assigns the same rank to all types of symmetry, and as the first two fields are the anisotropy of fundamental physical environmental factors (gravity and space), it was possible to think that the anisotropy field of the third axis must also be fundamental. According to the idea of dichronism, such a field can be (phylogenetic) time, so in triaxially asymmetric animals, one of the brain hemispheres is a "vanguard" one (as it is already in the future), and the other is "rearguard" (as yet in the past).
3. Brain asymmetry and sex 3.1. Isomorphism sexlaterality Two sexes and two hemispheres of the brain are isomorphic. They are BCDs, consisting of the conservative (CS) and operational (OS) subsystems. The question is which hemisphere is operative, being an analogue of the males, and which is conservative being an analogue of females? Functions controlled by operative hemisphere must be evolutionarily "younger" than the functions controlled by conservative one. The analysis of the hemispheres specializations leaves no doubt that the left hemisphere should be considered the operative subsystem of the brain, and the right hemisphere is the conservative subsystem.
That is, the left hemisphere is the analogue of male sex and the right hemisphere is the analogue of female sex. They have the same logic of evolution, behaviour, roles and goals. Therefore, revealing them for one subsystem can help understanding the other. The evolution of new characters in dioecious populations happens asynchronously. They have mediated "ecology"information from the environment first goes to males and then to females (environment → M → F, where → is the flow of information). By analogy, we can assume that new information from the environment will first enter the left hemisphere, form centres of new functions there, and then, after verification, these centres will move into the right hemisphere (environment → LH → RH) (Geodakyan 2000) .
The brain is evolutionarily young (new) formation. Differentiation of the brain into conservative and operative subsystems occurred at least twice, on hemispheric and cortical levels. The oldest of the three brain asymmetries is cortexsubcortex, then foreheadback of the head, and the youngest one is lateral. Therefore, intra-pair asymmetry of paired organs in triaxial asymmetric forms arises on top of that already existing at bilaterally symmetrical forms, asymmetry between pairs (like a relic).
The right hemisphere and subcortex are conservative subsystems; the left hemisphere and cortex are the operative ones (Table 1 ). This interpretation means that on the coordinate of time (genetic information flow from generation to generation), the evolving system is divided into "rearguard" (right hemisphere, subcortex) and "vanguard" (left brain, the cortex), and on the coordinate "system → environment" (ecological flow of information), it is divided into a "stable core" (the right hemisphere, subcortex) and "labile" shell (the left hemisphere, cortex). From the information viewpoint, we can expect that the right cortex should be "closer" to subcortex as a whole than the left one, while the left subcortex should be "closer" to the cortex than the right one; broader intra-and interpopulation variance on the left hemisphere; increased plasticity of the right hemisphere in the ontogeny and the left hemisphere in phylogeny.
Dominates function, not organ
Lateral asymmetrization is manifested on four levels of organization and it is going from the "bottom-up" (function → organ → organism → population). Usually dominance is assigned to the organs. However, if the organ has many functions, they may have a different direction and magnitude of dominance. For example, a person may be strongly right-handed on one function (writing), slightly left-handed on the other (grasping) and ambidextrous (symmetrical) on the third one, and so on all organs.
This means that the basic unit (carrier) of the asymmetry is a function and not the organ as usually assumed. Only functions manifest "pure" form of dominance, all other levels are mosaics. Asymmetry of the organ is the vector sum of the asymmetries of its various functions. Similarly, the asymmetry of the body is the sum of the asymmetries of its organs. Asymmetry of the population is the asymmetry of the quantity, variation and lateral dimorphism of subpopulations of asymmetric organisms (say, lefties and righties).
Dominance of the hemispheres and organs
Dominance is a characteristic of functional asymmetry of paired organs. When paired organs are strictly symmetrical, there is no dominance. In non-eutherian mammals, both hemispheres are functionally the same; in the case of hands, it is ambidexterity. Existing theories do not raise the question about adaptability of lateral asymmetry; therefore they, of course, do not search for the meaning of dominance, and do not explain it. Under the new concept, based on the idea of asynchronous evolution, dominance means an evolutionary advancement, and subordinancean evolutionary lag.
That is, the dominant hemisphere is the one that already has some new information (control centres) or has a greater amount of information about new features, and dominant hand already owns them. The subordinate hemisphere either does not have this information and the hand does not yet have this function, or there is little information and the hand poorly performs the function.
Lateral asymmetry of functions and their evolution
The idea of dichronous evolution reveals a complete analogy in the evolution of sex and brain. Their phylogeny consists of identical alternating in time stable, monomorphic (1, 3 and 5 in Figure 2 ) and evolutionary, dimorphic (2, 4) stages, so both sexual and lateral dimorphisms arise only during evolution as a result of dichronism. Figure 2 shows the moments and directions of the predicted translocations during transitions between stages of symmetry and asymmetry. In the process of evolution, both pairs: male-female sex and left-right hemispheres behave similarly. Their "one-track" way turns into "twin-track" forming "loops" of dichronism (highlighted, Figure 2 ). The area between the tracks allows us to judge who, when, how much and where new information is received, who pays for it and to whom. By the direction of the path and the angle of deviation (α) from the vertical, one can judge the speed of evolution (v = tg α) and variation of phenotypes, which increases with increasing speed and leads to sexual and lateral dimorphism. Since the variation depends on the reaction norm, which in turn depends on the sex hormones, it can be concluded that sex hormones define lateral phenotypes as well.
Centres, which are located only in the left hemisphere, correspond to purely masculine (Y-chromosome) genes. This is the "quarantine service" of the genome. Centres in both hemispheres correspond to the localization of genes in the genomes of both sexes (autosomes), where they spend most of their phylogenetic time. If in the future, some characters become unnecessary, their genes will leave the autosomes. They will be stored in the female genome in the form of "archival" genes, encoding the atavistic traits. Their evolutionary meaning is to . Evolution stages of the emergence and loss of genes for the male (M) and female (F) characters, and function centres in the left (LH) and right (RH) hemispheres. Isomorphism of dichronism (dx) "loops", and the variation of the CS and OS. Dominates (D) excess of information (I)area of the "loops" (DI), and at equality of informationthe best search or perfection. White arrowstranslocation of dominance; Ddimorphism sexual or lateral and Ipinformation potential. return these characters without resorting to complex and long checking in the male genome in case of return of the old conditions. Similarly, when the function is lost, its control centres are eliminated from the left hemisphere and remain only in the right hemisphere as an "archive". They appear as atavistic features (e.g. grasping reflex).
So, the localization criterion of a function in the hemispheres is its evolutionary "age". New, evolutionarily "young" functions are located in the left hemisphere. Functions of the left hemisphere (passed selection) in the future will move to the right one, and all the functions of the right hemisphere were in the past located in the left hemisphere. Therefore, the dominance cannot be attributed to the whole organ (arm, leg, eye or ear) or, especially, to the whole body (right-hander, lefty), but to a separate function, characterizing its evolutionary age. Right-side dominance of an organ (left-hemisphere control) means the young age of a given function, and the left-side dominance (right-hemisphere control), on the contrary, old age. This is the "age principle" of localization of function centres in the hemispheres (Geodakyan 2005) . Dominance and subordinance can be treated accordingly, as different phases of a function's evolution.
In the stages of evolution (2, 4), the presence or abundance of information (ΔI) always dominates. When the function is appearing or improving (2), this will be the vanguard form, and when the function is lost or deteriorating (4), it is in a rearguard form (e.g. olfaction in humans). This is the main criterion for the dominance. And in the stable (1, 3, 5) stages of symmetry, with equal amounts of information in the hemispheres, the dominance is determined by their dynamic characteristics. When the function is absent (1, 5), the search is more important, and the exploratory left hemisphere dominates. Contrary, when the function is present in both hemispheres (3), the more perfect and fast right hemisphere dominates ( Figure 2) . Indeed, the speed of the processes in the right hemisphere is higher than in the left one (Kostandov 1978) ; even the density of the right hemisphere is greater than the left (Walker 1980) . Both features are probably related with the perfection of the right hemisphere.
Males and the left hemisphere are better in the phase of exploration and development of the new functions. After verification, the functions get transferred to females and the right hemisphere. In the phase of perfection, the latter begin to dominate. This happens in everything: in speed and fluency of speech (higher in women!), handwriting and quality of work on the assembly line. There are experiments confirming this (Landauer 1981) . Preserving of the centres of new functions in the left hemisphere (genes in the male genome, "quarantine service") is necessary for testing and selection. And with the loss of the old functions (genes), the left hemisphere (male genome) loses them first, and then follows the right hemisphere (female genome, "archival service") in case of the return of the old environmental conditions (Geodakyan 1993 (Geodakyan , 2000 .
Lateral asymmetry of an organism
Intra-pair asymmetry, analysed in the previous section, is the basic asymmetry of the first order (one vector: right or left). However, at the level of the two pairs of paired organs (such as the hands and feet), the picture becomes more complicated. The existing theories consider only one form of asymmetryintra-pair (mirrored), and do not usually take into account inter-pair relations, i.e. that the right-or left-handed person can be either right-or left-footed.
Intra-pair dominance of the hemispheres and hands can be represented by two vectorshemisphereness and handedness. Mutual orientation of the vectors creates a new kind of asymmetrycis-trans (aka: positional, geometric, structural and configurational). They can be oppositely directed (discordant, it is the trans-position of the dominant organs), or pointing to the same direction (concordant, cis-position), i.e. there are four different phenotypes depending on the dominance-subordinance of the organs.
Genotypic hemispherenessphenotypic handedness
Isomorphism of binary conjugated differentiations (genotype-phenotype, F-M, RH-LH), managing and managed subsystems in genetics (parents-children) and neuroscience (hemispheres of the brain-hands) allows to interpret hemisphereness as genotype, and handedness as phenotype. We inherited this intra-pair asymmetry from bilaterally symmetrical organisms. Genotype is a more fundamental phenomenon than phenotype, but we judge the genotype by its phenotype. Similarly, the asymmetry of the hemispheres is a more fundamental phenomenon than the asymmetry of hands, but the hemispheric dominance we judge also based on handedness.
Features of cis-trans organisms
Comparison of cis-trans organisms with isomers, technical systems and sexual forms suggests that the trans-structure (right-handedness) as more symmetrical should have a narrow variation of phenotypes and higher fitness (stability) in a stable environment, while the cis-structure (left-handedness), on the contrary, should be more asymmetrical and have wide variation and high adaptability in a changing environment.
Many facts are consistent with such findings: for example, a higher percentage of lefthanders (and men) among geniuses and idiots (children unable to learn, read and write are mostly left-handed boys), their shorter life expectancy (by as much as nine years) and low breeding index (on average 1.62 children at the age of 45 years, while for the right-handers it is 2.03). Greater variation of left-handers was shown in seven-year anthropometric studies of frequency of extreme phenotypes depending on handedness and sex in 6000 children by three criteria (height, weight and head circumference). For all three types of measurements, variation of left-handers was statistically slightly higher than right-handers. Of the 42 groups (two sexes, three characters, seven age groups), left-handed children had a higher variance in 33, right-handed children in five and the variances were equal in four groups (Yeo and Gangestad 1993) .
Not left-right-handedness, but cis-trans-handedness
Comparison of cis-trans organisms with isomers suggests that the trans-structure (righthandedness), as more symmetrical, should have a narrow variation of phenotypes and show a higher fitness (stability) in a stable environment, while the cis-structure, left-handedness, on the contrary, should be more asymmetrical, and have wide variation and high adaptability in a changing environment.
Wider phenotypic variance (diversity) of cis-individuals (left-handers) is achieved due to their narrow reaction norm. Therefore, left-handed people are first to receive ecological information about changes in the environment, and then pass it to right-handers. That is, lefties are the evolutionary vanguard, operative subsystem, analogue of males, and righties are the conservative subsystem, analogue of females.
Hemisphere dominance creates in humans two genotypes D-LH and D-RH. The left hemisphere dominates in the vast majority of people. For example, the speech centre of more than 95% of right-handers and about 80% of left-handers is located in the left hemisphere (Bryden 1987) . Right-hemisphere dominance occurs approximately in 1% of the people (Figure 3 ). Two types of hemisphere dominance each in turn create two cis-trans hand configurations (phenotypes) with the approximate frequencies of: LT h~9 0%, LC h~9 %, RT h~0 .9% and RC h~0 .1%.
All existing theories consider hand dominance in relation to the sides of the bodyas left-or right-handedness. The new concept considers hand dominance in relation to the dominant hemisphereas cis-trans-handedness. Using frequencies of four phenotypes in Figure 3 , we can determine the impact of hemisphere dominance, cis-trans-handedness and left-righthandedness in the asymmetry of the body.
Frequencies of the dominant hemispheres: LH:RH ≈ 100:1 [Quadrants 1 + 2 = 90% + 9%, quadrants 3 + 4 = 0.9% + 0.09%]. The ratio of the frequencies trans:cis ≈ 10:1 for both left and right hemisphere dominance [quadrants 1:2 = 90%:9% and quadrants 3:4 = 0. 9%:0.09%]. At the same time, the ratio of the frequencies right-to left-handed (LH:RH) changes. For a left hemisphere dominance it is about 10:1 [quadrants 1:2 = 90%:9%], and for the right hemisphere dominance -1:10 [quadrants 4:3 = 0.09%:0.9%]! This means that after the hemisphereness, the cis-trans-handedness is more essential than left-right-handedness, which plays no role! Figure 3 . Structure of human asymmetry (Source: Geodakyan 2005) . Inter-and intra-pair asymmetry (As), dominance (Ddarker and above) and subordinance (S). Four levels of D -S. Rate of occurrence (%), and the variance (σ) of an evolutionary series of phenotypes (3-4-5-6). Impacts of hemisphereness, cis-trans and left-right handedness, and features of their configurations (kDS). Symmetrical (sim) contra connection (scc); symmetrical carotid arteries (sca); the corpus callosum (cc), which creates asymmetry (As) and dominance (D); ipsilateral connections (ic) creating cis-configurations; carotid arteries (ace), creating a "super -D" and maximum learning potential. Transitions: in phylogeny 1-2from BS to TA, in ontogeny in optimal conditions 2-3-5 (mirrored inversions) give a slow but economical evolution, and in extreme conditions 2-4-5 (cis-trans inversions) yielding accelerated evolution, but at a higher cost. So, the new concept uses two "inter-pair" ideas: (1) hypothesis of genotypic hemisphereness and phenotypic handedness, derived from the asymmetry inherited from bilaterally symmetrical forms (front-back); (2) cis-trans-handedness (asymmetry) instead of left-right-handedness.
The evolutionary role of corpus callosum, contra-and ipsi-pathways
In the phylogeny, the lateral asymmetry appears, apparently, in the placental mammals (Karamyan 1970 ). If we compare neuro-morphological structure of the opossum (BS) and human (TA), the difference can tell us about the role of the new formations. In bilaterally symmetrical forms there existed: (1) main asymmetry on the axis front-back which is manifested in the TA forms as an inter-pair asymmetry between brain and hands; (2) simple contra-connections between hemispheres and opposite sides of the body.
New features in triaxially asymmetric forms: (1) corpus callosum, connecting the corresponding areas of the cortex of the two brain hemispheres, except the olfactory and hippocampus. It is maximally developed in humans and according to sexual dimorphism, continues to grow (Geodakyan 1993) . In several studies, it was shown that it is bigger in lefthanded people (Witelson 1985) . (2) The corpus callosum provides serial connection of the hemispheres (in the opossum it is absent; Karamyan 1970) . It creates a mirrored asymmetry of the hemispheres, hands and other paired organs, but only in the trans-position (since bilaterally symmetrical forms only have contra-connections). Then the "goal" of ipsi-lateral connections is to create cis-configurations.
In contrast to some theories, considering the functional asymmetry of the brain as a unique human feature (due to speech, right-handedness, or self-consciousness), the new theory sees it as a manifestation of the fundamental, common to all living systems, evolutionary pattern. Unlike other fashionable theories that consider right-handedness as a norm, and left-handedness as a pathology (abnormality of development, birth trauma), the new theory treats the cis-and trans-handed types as normal, adaptive phenotypes for stable and volatile environments governing behavioural plasticity of society: they are doing the same as the sex at the level of genes. This isomorphism allows us to reject these theories. After all, it is absurd to say that sex is a uniquely human phenomenon, or the female sex is the norm, and male sex is pathology, and it is equivalent. Simply, the sex is a more visible character than brain asymmetry, and low fitness of left-handers, like men, in a stable environment, is a similar adaptation of a population.
Populational asymmetry
An elementary unit of evolution is population. The main parameter of its evolution is the ratio of change and conservation, i.e. the degree of plasticity. It is so important that at a certain stage of evolution, any unitary system is converted into a binary one (see Figure 4 ). Evolution creates one subsystem for a stable (optimal) environment, specialized for conservation of the old features and the other for the unstable (extreme) environment responsible for changes (innovations). At the gene level, this corresponds to the female and male sex (individuals, organs, cells and hormones), and at the behavioural and psychological levels, to right-left hemispheres, subordinate and dominant functions and organs. And at the population level it is the trans-and cis-individuals.
Isomorphism sexlaterality
Isomorphism of evolutionary regularities and mechanisms between sex and laterality eliminates the major stumbling blocks for all existing theories: the problem of adaptability of lefties and close relationship of the asymmetry with sex. It allows by analogy with the "Ecological rule of sex differentiation" (Geodakyan 1991 (Geodakyan , 2000 the formulation of the "Ecological rule of lateral differentiation", describing the behaviour of cis-trans subpopulations (lefties and righties) in a stable and changing environment, regulating behavioural evolutionary plasticity of the society. By analogy with the three main characteristics of dioecious populations (sex ratio (% ♂♂), the variance of the sexes and sexual dimorphism), in the society of cis-trans-individuals one can distinguish laterality ratio (LR, % cis-individuals), variation of laterality (LV) and lateral dimorphism (LD). The greater these values are for the adult population, the more plastic is the society, and vice versa. Since the more variable environment requires greater evolutionary plasticity, in the optimum environment, the LR, LV and LD for the newborns should fall, and in the extreme environment they should rise.
According to the ETS, sex is the economical form of informational contact with the environment for effective evolution (Geodakyan 1991) . Then the sex hormones, that regulate the intensity of this contact, as well as cis-trans phenotypes, receive new ecological and evolutionary meaning. Oestrogens, as stabilizing hormones, normalize distribution of phenotypes (narrow variation), act centripetally, remove the system from the environment and slow down evolution. Trans-individuals, defined by oestrogens, form a "stable core", an evolutionary "rearguard" (analogue of females). Androgens, as destabilizing hormones, extend variation of phenotypes, act centrifugally, bring the system closer to the environment and accelerate its evolution. They determine cis-individuals which form a "labile shell", evolutionary "vanguard" (analogue of males).
Behavioural evolutionary plasticity of the society
The ethological features of males and females were discussed in the ETS. During evolution in zones of discomfort and elimination there is a selection in different directions. Females are selected based on "adaptability" and "learning ability". Males were selected based on "ingenuity", "resourcefulness" and "creativity" in the widest meaning of these words.
Ethological features of females are caused by their bigger participation in a genetic stream of information. These features promote stabilizing evolution tendencies, and are aimed at the preservation of the old, already mastered and familiar. The relation of the females with the environment is based on flexible "compliance" (to adapt, survive and leave offspring). Therefore, females are often deterred, "avoid" harmful environmental factors, more malleable and susceptible to their modifying influences, and able to learn faster. Women are more conformal (Con 1967) and are more susceptible to group pressure (Ward, Seccombe, and Bendel 1988) . Males' behaviour is determined by their involvement in an ecological stream of information. They contribute to labilizing, centrifugal tendencies of evolution and are aimed at change and finding new solutions. The relationship of males with the environment is "uncompromising" (inappropriate genotypes die, while the adapted ones can leave offspring). They are willing to engage in close contact with various environmental factors in order to assimilate them, and are often involved in more risky, "exploratory" behaviour. Modifying effect of environment on them is limited; therefore, they are worse trained and less conformal. Behavioural features of males can be treated as resource display in search of new ways, as the innovation of trailblazers focused on the future.
The wide reaction norm of righties, same as women, allows them to leave the areas of selection and increases their fitness. Among both groups, there should be more followers, conservatives, conformists, orthodoxies and collectivists.
The narrow reaction norm of lefties, as well as men, closely associates them with the selection and reduces their fitness. This is how they get new information from the environment. The same way as each male can transfer new genes to many females (wide channel cross-section with the progeny), the lefty should be able to transmit the new information (skills and abilities) to many right-handed individuals. How this can be done? In order to do this, they must be the leaders, preachers, teachers, reformers and influential people, that is, people to whom we follow, listen to, imitate and learn from.
Since according to the ETS, androgens are substances bringing the system "closer" to the environment, and oestrogens are substances moving it "farther" from the environment, the androgen-oestrogen ratio in left-handers, as in men, should be higher than that of righthanders and women. And since it defines the social-hierarchical rank of the individual, then α-individuals should often have to be left-handed (males) and ω-individuals have to be righthanded (females). An excellent demonstration is served by ethological experiments with the herd of monkeys who could not retrieve bananas stuffed into bamboo tubes, despite the fact that the pretrained ω-monkey was pushing the banana out with a stick while others were watching. But after the α-monkey was trained, everybody learned the skill.
The theory predicts behavioural and psychological lateral dimorphism (LD), and the isomorphism between lateral and sexual dimorphisms. Psychology of the trans-individuals (right-handed) should be typically feminine, adaptive in a stable, optimal environment, rational strategy of preservation (conservative, law-abiding conformity, collectivism, "do as all", "to keep pace"). In politicsmoderate compromisers, centrists; in chesscautious positional style of play (but not loss!); in proverbs -"why look for a good thing when you have one?", "slowly, but surely", "better the devil you know than the devil you don't"; in groups and associations (political party, gang, crowd)more often the followers.
The psychology of cis individuals (lefties) is typically masculine, adaptive to changing, extreme environment, irrational strategy of changes (reformers, dissidents, mavericks, rebels and extremists); radicals in politics; risky combinational style players in chess (not a draw!). They should be leaders of different associations. Their mottos and proverbs are: "sink or swim", "nothing ventured, nothing gained". 6.3. Extreme behaviour and evolutionary plasticity of the society Sex and asymmetry create four double phenotypes: T Es F Es, T Es M Es, C An F Es and C An M An . Since both M-F and the cis-trans phenotypes are formed by sex hormones: oestrogensfemale and trans, and androgensmale and cis, then when their vectors are added (Es + Es and An + An), the hormonal sex is enhanced (as if it were "superfemales" and "supermales"), and when the vectors are subtracted (An -Es and Es -An), the hormonal sex is weakened.
Increased amount of androgens narrows the reaction norm and extends the phenotypic variance, whereas oestrogens act in the opposite direction, i.e. the variation in the series TF < TM < CF < CM increases. This reinforces the polarization of modal and dispersion groups. Therefore, if we combine modal groups: TF, TM, CF (~92%) and the modal part of the CM (~7%), it is possible to locate the share of "low-frequency" (~1%) parts ("risk groups") of the CM group ( Figure 5 ). From those parts of the CM group are formed rare phenotypes of all unique, original and active personalitiesboth good and bad.
The proportion of males determines the evolutionary plasticity of the population (genotypes), similarly the proportion of cis-individuals determines behavioural plasticity of the society (phenotypes and psyche). Extreme conditions shift the equilibriums of the sexes [♂♂] ↔ [♀♀] and cis-trans individuals [ cis ] ↔ [ trans ]: for the embryosto the left (increasing birth-rate of ♂♂ and cis-individuals), and for the adultsto the right (increases their mortality), i.e. increase their "turnover" (general "ecological rule"). In an optimal environment, everything is just the opposite, that is, "turnover" falls. This is regulated by sex hormones antagonists, shifting them: androgensto the left, and oestrogensto the right ( Figure 5) .
Asymmetry and sexual dimorphism in pathology
If any illness strikes males more frequently (Epidemiological Sex Ratio, ESR » 1) ("masculine" diseases: gout, cancer of the larynx, tongue, oesophagus, lungs and rectum), it means, that the new pernicious factor of environment has appeared and the male sex conducts "vanguard fights" in the search of new ways of evolutionary development. Applying chess terminology, it is a debut phase of a population game with the environment, played (and endowed) mainly by males. At this stage, males are mostly the victims (for example, of a cancer of the larynx, or lungs in some countries ESR = 25-30!).
Theory of asymmetry predicts that the diseases of this type (diseases of the century, civilization, and urbanization) should occur more often in the operative subsystems. Somatic Figure 5 . Generalized environmental rule (Source: Geodakyan 2005) . Birth rate and variation of phenotypes: trans-women (TF), trans-men (TM), cis-women (CF) and cis-men (CM). The demarcation lines: 1by sex, 2by cis-trans. Their shifts at an optimal (opt) and extreme (extr) environment. Modal part of CM~7%, tail parts -~0.5% each. diseases more often have to strike the right side of the body, and mental illnesses strike the left hemisphere.
If women get sick more often than men (ESR « 1) ("feminine" (but not gynaecological!) illnesses: cholecystitis, obesity with diabetes and thyroid tumours), this means that environmental factors became already useful or necessary for men, but still remain pernicious or harmful for women. This type of somatic disease should occur often on the left side of the body, and mental illnesses occur in the right hemisphere.
Teratological rule of sexual and lateral dimorphism
The "teratological rule of sexual dimorphism" derived in the ETS can be applied to the problems of laterality. Similarly, the "teratological rule of lateral dimorphism" can be formulated. Anomalies of development of paired organs having "atavistic" nature should occur more often in the conservative subsystemsleft side of the body and the right hemisphere, and "futuristic" (evolutionary "search") on the contrary,on the right side and the left hemisphere. Both rules can be combined into one: anomalies of development having "atavistic" nature should occur more often in females, somaticon the left side, and cerebral (mental) on the right side, and "futuristic" ("search") on the contrary, in males, somaticon the right side, and mentalon the left side.
Pathologies associated with brain asymmetry
If quantitative trait in the population shows no sexual dimorphism, the distribution curves of this sign for males and females and for the general population (excluding sex) coincide. In these distributions, on both sides of the norm (in the medical sense), there are two areas of pathology (plus and minus deviations from the norm). In the presence of sexual dimorphism, the distribution curves of the character for males and females, while remaining within the overall curve, are shifted apart by the amount of sexual dimorphism ( Figure 6 ). Therefore, one "general population" zone of pathology is enriched by males and the opposite zone by females. These considerations make it possible to predict the existence of two diametrically opposed types of pathology and even give a list of some of the features of these types. With Figure 6 . Distribution curves of quantitative trait Xdegree of asymmetry for the females (…) and males (-) in a population. Aarea of pathology from insufficient brain asymmetry, Bthe norm; Cthe pathological area from excessive brain asymmetry; SDsexual dimorphism on asymmetry. Abscissa the value of character X; ordinatethe probability (frequency) of individuals with a given character X.
regard to the asymmetry of the brain, for example, it is possible to predict the existence of two types of mental illnesses.
Anomalies of psyche, due to lack or absence of asymmetry, should occur two to four times more frequently in women. They should be accompanied by the smaller corpus callosum, bigger anterior commissure and a high index of temporal lobe. The opposite type of mental illness should occur more often in men, and must be accompanied by excessive brain asymmetry, larger size of the corpus callosum, smaller anterior commissure and low index values of the temporal lobe.
Verification of the theory
The majority of functions of the left hemisphere appear evolutionarily young: speech, writing, self-awareness, fine movements of the fingers of both hands, rational-logical, analytical, abstract thinking, arithmetic and musical composition; but those of the right hemisphere are evolutionarily old: spatial abilities, music, intonation, intuition, coarse movements of all extremities, concrete, situational thinking and embryonic functions. But there are also those functions the evolutionary "age" of which is not so obvious: for example, expressing negative-positive emotions, understanding of space-time, and using nouns-verbs and true-false statements. Both in phylogeny and in ontogeny, the first appear earlier than the second. In newborns, crying precedes smiling; in kittens, plaintive whining precedes purring; in puppies, whimpers begin three months earlier than tail wagging. Moreover, with the functional suppression of the brain negative emotions disappear in the latter and are established in the first (Denisova 1978) . If one thinks of the thinking and vocabulary of a child (or of savages), then it is easy to be convinced that the understanding of space is simpler than that of time, nouns are simpler than verbs, true statements simpler than the lie. The first words of a child are nouns, slyness and lies appear later, orientation in space also occurs earlier than in time. Colour range also obviously can be considered as an evolutionarily young acquisition. The characters of the "Iliad" and "Odyssey" made use of a very narrow range of colours. Humour, it would appear, is a phylogenetically new trait, which suggests the direction of sexual dimorphism (it appears earlier and stronger in men).
The same line of thinking sheds light on other facts. The right hemisphere control of intrauterine development (Walker 1980) is natural since in the embryo most functions are old (biological). The embryo has few new features, and the left hemisphere (sociocultural, according to the theory) is almost empty. One such character is the sucking reflex (analogue and almost the same age as the placenta). Theory predicts that it should be the finger of the right hand, controlled by the left hemisphere. Indeed, it has been shown that in 92% of the cases the embryo sucks the right thumb (Hepper, Shahidullah, and White 1991) .
Predictions
Sex and asymmetry phenomena are interrelated and finding a solution in one area helps to find one in another just as in a crossword puzzle finding any word located horizontally facilitates the search for vertical words. Both theories can make predictions (Geodakyan 2012 (Geodakyan , 2014 but more valuable are joint predictions of the theories of sex and asymmetry. Some of them are confirmed by literature data, others have not been tested yet.
• Triaxially asymmetric dioecious plants should have sexual dimorphism on all characters, having lateral dimorphism (The rule of conjugated dimorphisms).
• For bassets and spaniels, the longest ear should be the male's right ear, and the shortest be the female's left ear (new feature). • An increased prevalence of left-handedness should be expected in all cases of ecological and psychological stress and discomfort, e.g. among interracial and interethnic hybrids; in populations living in highland, seismic and ecologically unfavourable areas; after earthquakes, wars, genocide, famine, resettlements and other natural or social stresses. The same stress conditions should increase the birth rate (and mortality rate) of males to a higher extent than those of women. • Since the human sense of smell is vanishing, then it has to be better in the right hemisphere compared to the left one. The ETS also suggests that women should have a better sense of smell than men, and the children better smell than adults. Olfaction should be maximal at girls on the right and minimal at boys on the left. • Human teeth have been gradually shrinking. Therefore, the smallest teeth should be in men on the right side, and the largest should be in women on the left side. • In men, the eyes should be closer to the nose than in women, and the right eye should be always a little closer to the nose than the left. Peripheral vision in women should be better and the accurate eye is worse than in men. • Unconditioned reflexes, as older, have to be stronger on the left side (controlled by the right hemisphere), and conditional ones (young) have to be stronger on the right side (left hemisphere). • In the phylogeny centres of the brain functions must first move in the cortex by "Z" route (left frontal lobe → right frontal lobe → left occipital lobe → right occipital lobe), then move on to the subcortex where the whole route is repeated. The predicted route was confirmed in the study of generation of the classical conditioned reflex in humans, dogs and cats by registering evoked potentials and EEG (Rusalova 1988) . Similar translocation was discovered in the hypothalamus (Pavlova 2001 ). • The right hemisphere is biological, species-specific, while the left hemisphere is sociocultural, ethnic, so the variance (diversity in the population) should be more on the left hemispheres. Confirmed in three ethnic groups in the US (Springer and Deutsch 1989) and northern peoples in Russia (Arshavskij 1988 ). • Phylo-and ontogenetic transitions from ambidexterity through right-handedness to lefthandedness allows prediction of an intermediate right-handed phase in the ontogeny on all functions of the left hand, and the absence of a similar left-handed phase on functions of the right hand. • Learning a new skill by the right hand of the left-handed person should be more effective when training the left hand, rather than the right hand itself.
• If the legs are tested on new functions (writing, drawing), the right leg should dominate. • The left side of the face should be more similar to the mother, and the right side similar to the father. Therefore, if the face is constructed from two left halves, it will look more like the person's mother and sisters. The face constructed from two right halves will closely resemble the person's father and brothers. • There should be a lot of left-handed champions not only in the "manual" (boxing, golf and tennis), but also in any "non manual" kinds of sports (chess, football, running and jumping).
Criticism and relation to other theories
Criticism of the basic statements of ETA in the literature is absent. Geodakyan's theory complements and develops Beklemishev's (1944) theory of the evolution of asymmetry types and does not contradict other theories in this area. For example, the very popular and widely cited theory of Geschwind and Galaburda (1987) , which links left-handedness with elevated levels of testosterone, discusses the mechanisms of the phenomenon, which in ETA are hardly discussed. V. Geodakyan noted that the location of the centres of music and humour in the right hemisphere (Denisova 1978) contradicted the theory. According to ETA, there should be located the old, "uncreative" versions and the new, creative versions should be in the left hemisphere.
At first glance, the theory contradicts testicular asymmetry. According to the theory, the right testicle should lead by lowering from the abdominal cavity and thus should fall below. It was noted that the right testicle is often larger and heavier than the left, and is often positioned higher (Bogaert 1997; Chang et al. 1960; Gray 1958) . The fact that the right testicle has more developed muscles can explain the observed pattern (Antliff and Shampo 1959; McManus 2002) .
According to Geodakyan, all existing theories of asymmetry interpret it within the mirror (i.e. one-dimensional) asymmetry. This is impossible. Since these systems are three-dimensional and evolve in time, the full description of their evolution requires four coordinates.
Summary
The proposed theories of sex and asymmetry add two new vectors of evolution: sexual dimorphism and lateral asymmetry to the classic triadpalaeontology, comparative anatomy and embryology. These parameters indicate the direction of evolution of traits and for the behavioural and psychological characters they are the only source of evolutionary information. The concept links together three fundamental phenomenaevolution, sex and lateralityand establishes a relationship between the vectors of sexual, lateral dimorphisms and the direction of evolution. It explains the biological roots of terrorism, failed attempts to fight it and provides an approach to find an alternative. It allows prediction of new facts and can serve as a basis for further research.
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